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I’RSCSDINl  PAOS  ULAl^r.’OT  PILMID 


1 INTHODirTION 

i lio  onerp;>  shot•ta^^c'  faced  by  the  L’nitod  States  duriiit;  the  coinini; 
decad(>  has  i;loi)al  analogs.  Many  other  industrialized  nations  face  similar 
ener^;y  siiorta>;e,s  tiiat  could  impair  their  ability  to  moot  oxpandinn  needs. 
The  rapid  conversion  ol'  the  Industrialized  nations  f i-om  a coal  i)ased 
economy  to  an  oil  and  e'as  l>ased  economy  is  producinR  csi)0cially  acute 
iiroblems  for  nations  sucli  as  those  in  iVestorn  Luropo  and  Japan  which  are 
lacking  adequate  resources  of  oil  and  tias.  These  countries  are  bocomint; 

1 ncroas  intcly  df'peiulent  upon  the  OPKC  countries  in  e'oneral  and  on  N’ortii 
Africa  and  tlie  Middle  Hast  in  particular  to  meet  their  expanding  fuel 
needs . 

On  tlie  otiier  iiand,  the  USSR  is  known  to  iiave  vast  enertjy  resources, 
t.ike  otiior  Kuropean  countries,  most  of  the  USSR’s  client  states  in 
Kastern  huroi)e  arc  short  of  enerKy  resources.  The  Kastern  Kuropean 
countries  rely  on  the  USSR  to  meet  their  energy  needs.  If  the  latter 
is  unwilling;  or  unable  to  meet  those  needs,  many  of  these  countries  will 
undoubtedly  turn  to  the  Nortii  African  and  Middle  Kastern  suppliers  to 
full  ill  ttieir  requirements. 

In  the  meantime,  the  poll t ica  1/inl  1 itn ry  situation  in  North  Africa 
and  the  Middle  Kast  can  best  be  described  as  unstable.  In  ndditioi  to 
the  Arab-Israeli  -'onf rontat ion,  the  OPKC  nations  have  developed  an 
awareness  (in  some  cases  oxafjKO  rated ) of  their  stroiiK  economic  position 
vis-a-vis  the  oil  huiif^ry  nations,  and  are  oxhibitinR  an  increasing 
decree  of  1 ndeiiendence  in  dealing  with  those  nations. 

In  vio\  of  tlie  many  historical  cases  of  military  confrontation 
occurrln^;  over  prized  resources,  It  is  obvious  that  the  Department  of 
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Dol'cnso  iu!ccls  n sotinci  nssos.sinont  of  the  potential  role  ol  the  USSU  In  tlio 
world  eller^;y  economy.  On  the  one  hand,  the  Soviets  represent  n potential 
competitor  for  tlie  re.soiii-ces  of  tlie  OPEC;  on  the  other  hand,  they  may 
well  provide  an  alternative  source  of  oil  and  gas  to  relievo  the 
dependence  of  enerj;y  hungry  nations  on  OinC.  The  actual  role  of  the 
rSSH  may  well  lie  between  these  two  poles. 


The  ohjectlve  of  this  study  Is  to  provide  a sound  assessment  of  the 
e^er^;y  economy  ol  tlie  I'S.SU  and  six  lastern  European  nations  (Bulgaria, 
C/echoslovakia , East  Germany,  llun^^nry,  Poland,  and  Komanla)  from  now 
throu^;h  1990.  The  elements  of  this  assessment  Include; 

• Survey  of  eneri;y  resources  by  typo,  locations,  quantities, 
and  development  potential,  includinj;  coal,  oil,  pas, 
other  solid  fuels,  and  electric  power  generation. 


• Ueviow  of  technolop'y  employed  for  enorsy  exploitation, 
including  exploration,  development.  pro<luction, 
distribution,  storai'o,  and  utilization. 

• Api)ralsal  of  i-ecoat  HSJ)  in  resource  recovery,  fuel  and 
onei'Ky  conversion,  distribution,  and  utilization, 
including  now  foms  of  enortjy. 

• Trends  in  enei'Ky  production  and  consumption. 

• Estimation  of  overall  enoi’ny  supply -demand  balance  for 
1970,  with  1)1-0  ject  ions  at  five-year  Intervals  to  1990. 

• Ueview  of  Soviet  trade  policies  with  Eastern  Europe, 
Western  Europe,  ami  the  rest  of  the  world. 

• Analysis  of  the  implication  of  Soviet  enorpiy  policies 
vis-a-vis  the  United  States.  Western  Europe,  and  the 
rest  of  the  world. 
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Altliouf;li  ii  doal  of  rlassiflful  literature'  was  avallal)le  loj- 

this  study,  t lie  results  are  based  entirely  on  unclassified  literature. 

Tlie  autliors  were  |)leasantly  suriirlsed  by  the  amount  of  information 
availalile  for  tills  study,  tnit  were  d Isa  ppoi  nted  liy  Its  unevenness  and 
the  lack  of  consistency  in  liotli  tlie  numbers  and  the  definitions.  \ltlioiinh 
tlie  classified  and  unclassified  litei'atiire  were  not  always  consistent, 
and  tlie  classified  literatuie  contained  more  detail  in  certain  areas, 
use  of  classilled  data  would  not  change  the  findings  and  conclusions. 


Tlie  results  ol  tills  study  are  contained  in  seven  volumes.  In 
addition  to  tills  summary  volume,  the  followln^^  six  detailed  studies 
are  availalile; 


A Pile  nd  lx  A 
Apiiondix  is 
Ainiendlx  (' 
Apiiendix  I) 
Appeiulix  t 
Appendix  F 


I ra  me  work  of  i.  nerj^y  Supply  and  Demand 
Coa  1 

I’et  roleum 
Gas 

Otlier  Hydrocarbons  and  Kncruy  Sources 
I'lecti'ic  Power 
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I I KNh  .(C.Y  m SOl'IiCKS 


III  <1  i sciiss  i lit;  llio  potntit  in  I development  of  encr^;v  rcsoiii-c<>s . one 
must  (1 1st  iiurui  sli  between  i-estnircos,  which  are  the  total  amount  of 
matei-l.'ils  occurrlnt;  in  nature,  and  recoverable  reserves,  wlilcdi  are  the 
known  Identified  dc'poslts  that  can  be  developed  economically  with 
existing;  teohnolony.  St'voii  catc^^orles  of  reserves  are  described  In  the 
Sovli't  literature: 

\l)proxlmato  I'qul  va  len t to 
Catet;oi-y  I S Nomei I ature 


\ 

II 

C 


I) 


IJ 


1 


I) 


■> 


Proved  reserves 
Pi'obable  reserves 
Inferred  reserves 

Initial  development  done 
Prellnilna  ry  exploration  done 
Speculative  reserves 

lleconnalssance  data  only 
Predicted  on  peoloRlcal  principles 


These  descriptions  kI'’'®  the  closest  I'.S.  equivalent  definitions,  but 
they  are  still  only  vei-y  I’ounli  equivalents.  Category  A Soviet  reserves 
are  much  less  certain  than  U.S.  proved  reserves. 


The  USSR  is  known  to  have  veiy  lar^e  energy  ix?sourccs,  but  no  one 
(including  the  USSR)  has  a very  good  estlmnto  of  the  magnitude  of  the 
recoverable  rosorces.  This  Is  primarily  because  relatively  little 
exploratory  work  has  been  carrlc'd  out  in  the  vast  reaches  of  Siberia  and 
Kasteiii  USSR.  Table  1 shows  an  estimate  of  the  princii)al  recoverable  energy 
reserves  of  the  urSR  and  Kastern  Kuropcan  countries  — reserves  that  are 
economically  recoverable  through  the  use  of  currently  available 
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Table 
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(a)  If  sources  of  low  DTU  gas  were  includcu,  total  oDK  gas  would  be  100  billion  cubic 


r 


I 

tcc'hnol(>>;v . Althnu^li  Uk;  i-psitv'cs  <if  the*  fossil  fiiols  in  tho  nastoi-n 
liiroiKMii  c-nmit  i-ios  .i  ic  lorallv  s i i f leant  in  sevoi-nl  eases,  lliey  :ue 
sm-.it  eninpa  led  uitli  llio.se  of  the  ISSH.  lurthee,  these  estimates  of  re- 
covoral)le  reserves  are  small  iti  comparison  with  the  total  reso»i.'-ces  that 
exist  in  these  countries.  I raniiim  re.servcs  of  the  t.DH  represent  an  <.‘xcep- 
tion  to  this  ^;eneral  situation. 

To  piece  the  UbStt  and  Kastern  Kuropoan  enei'ny  reserves  in 
perspective,  Table  2 siiows  a comparison  of  selected  estimated  recoverable 
reserves  witli  the  proven  reserves  of  the  United  States.  The  comparison 
is  not  performed  usini^  strictly  identical  units,  because  of  differences 
in  definition  of  reserves.  The  estimate  for  the  USSR  in  particular  is 
much  less  certain  than  tiie  estimate  of  U.S,  proven  reserves. 

As  the  demand  for  enerity  rises  in  the  USSR,  the  center  of  enert;y 
production  is  sliiftlnn  toward  Siberia.  Table  3 shows  the  declinlni; 
percentage  of  production  of  crude  oil,  natural  gas,  coal,  and  electric 
power  in  the  huiopean  part  of  the  USSR  from  1910  through  1975.  it  is 
elear  that  the  USSR  is  becoming  increasingly  dependent  upon  new  resource 
developmcnt.s  east  of  tlie  Urals. 

To  .summarize,  tiie  USSR  has  enormous  deposits  of  all  fossil  fuels, 
and  great  potential  for  liydroelectric  and  nuclear  power.  A large  portion 
of  those  resources  are  located  in  Siberia  and  tlie  Soviet  Far  East,  far 
from  tlieir  centers  of  consumption,  .so  that  their  recovery  is  hampered 
^y  K 'ography  anti  geology.  The  bulk  of  Soviet  energy  resources  is  essen- 
tially unde ftleve loped . Meanwliile,  tlie  resources  of  fossil  fuels  in 
Eastern  Europe  and  European  USSR  are  becoming  depleted  through  increased 
product i on . 

With  some  exceptions,  tlie  resources  of  the  Eastern  European  countries 
are  small  in  comparison  with  their  present  and  projected  energy  votiui  remeiUs . 


Table 


CUMI'AIU.SON  OF  FNl-KGV  UKSI  U\TS 
lla  r<l  (’on  1 Oil  (ins 


(II  i 1 1 i on 
Metric  Tons) 

(Mill  Ion 
Metric  Tons) 

(Hill  ion 
C'nhic  M(*ters) 

Fas  to  I’ll  F'lrope 

17.0 

'1H7 

056 

1 .SSU 

l.Y7.r, 

10,000 

22 , 000 

1 n i ted  S t n ter 

70.. O 

5,200 

7 , 000 

I'll i ted  States  as 
percent  of  ISSH 

f,  1 ' "r 

53% 

:uv: 

Table  3 

RlX’.IONVh  DISTUIIUTION  OF  PIllMMlY  KMiHOY 
I’HOmiCTION  IN  Till-:  I’SSH 
(Percent  of  Total  in  Knropenn  Part, 
Including  the  I'rals) 


Product  ion 

1010 

( rude  oi 1 

03.7 

Natural  nas 

00.5 

Coa  1 

71,3 

Ivlectrlc  power 

00.  K 

1000 

1070 

1075 

(I'lan) 

02.  H 

HI, 8 

63, -1 

07.6 

70,2 

51.3 

61 . 1 

56.8 

11 . a , 

7H.d 

73.8 

72.0 

11.  a.  - not  available 
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Morcovi'i- , tln‘sc  rcsc  ivfvs  an-  urni'i-ally  in  sr.all  dopos  i t r,  , Iradinn  to 


ri‘ 1 .1 1 i VC  1 V 1 lie  r I i c i cut  I'cciivory  and  liinh  r<.*covcry  ciists.  Kastc'iti  l•Ul•opc;m 
I'licls  ,11'c  l|•c(plc^tlv  i>r  low  (iiialltv,  riMiii  i f I lip,  prorcssinp  licCorc  use, 
wliicli  leads  to  liirtlier  loss«>s.  Thus,  the  liasli'in  Kiiropean  eoiintrli's  are 
bocominp  increasingly  dependent  upfui  imports  of  fuels  to  meet  their 
intiM'iial  deficits  of  fossil  fuels.  Notable  exceptions  include  Kast 
C'lCiTian  and  Pi>lisb  coal  and  Komanian  oil,  but  even  these  deposits  are 
becominj;  rapidly  depleted  throviph  deve lo|imen t . 
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Tlie  Ki'iicral  t,i-oiuls  in  ttinl  production  in  tlio  USSK  and  IListorn  Kiiropo 
aiT  sliown  m Figure  1.  Overall  coal  production  is  risin^;  rapidly  in  Ijoth 
tlie  USSR  and  the  other  Lnstern  L'uropean  countries,  nlthou^;ll  the  rate  of 
inciease  is  oeclinint;'.  Wliilc  the  USSR  domlnotos  the  coal  reserves  of  tlie 
area,  it  iiroduces  only  about  one-half  of  the  total  coal  produced  in 
llastei’n  Lurope. 

The  USSR,  like  tlie  United  States,  experienced  a stroni;  trend  toward 
surface  iiiininn  of  coal  in  recent  years,  ns  shown  in  Fii;uro  2.  Most  of  the 
current  iiroduction  increase  can  be  attributed  to  surface  mlninti,  nnd  much 
of  it  is  in  the  Kuzbas'*  and  Kazakhstan. 

The  comparison  of  coal  mininn  technolotiy  in  the  USSR  and  the  United 
States  is  shown  in  fables  -I  nnd  5.  The  USSR  tends  to  use  much  Inrijer 
machinery  than  the  United  States  does,  and  to  operate  in  much  Inrit'or  mines. 
In  deep  mining,  the  USSR  tends  to  use  mechanized  loni;wall  mining  equipment, 
but  the  remainiiH'  need  for  manual  workover  tends  to  offset  the  hii^her 
productivity  that  ordinarily  would  lie  expected  with  loni;wnll  machines. 

In  sui  face  minini^,  the  USSR  relies  heavily  on  larye,  complex  bucket-wheel 
excavators,  i.'heroas  the  United  States  relies  on  intermediate  size  shovels 
nnd  loaders  that  have  t^reater  f lex  ilii  1 ity.  The  use  of  lart^er  and  hitjhly 
mechanized  machines  results  in  the  introduction  of  waste  matter  to  the 
coal,  and  lends  to  cleaninij  losses  and  pro<luctlon  losses.  Also,  tlie  need 
for  equipment  maintenance  of  larpio  machines  could  affect  overall 
produc  t ion. 

* 

Kuznetsk  basin.  A similar  short  form  is  Donbass,  for  Donets  basin. 
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Figure  2 

TRENDS  IN  COAL  PRODUCTION  BY  MININS  METHOD  IN  THE  USSR 


Table  A 


COMl’AlilSON  OI  I'KKP  COAI,  MINING  Tl-XIINOIXIGY 


Ml  nin^; 


Initial 

hnulju^c 

Ma  1 n 
haulage 

T rends 


Prob  letps 


rsSR  and  Paste  rn  K'urope 

Mn  1 n 1 V 1 OIl^;•^^n  1 1 ; some 
eont  r mioiis 

•Seraper  chains 


United  States 

Mainly  coiit  i nu  )us  ; 
some  lon^wnll 

Shuttle  cars 


Belts  and  rail 


Belts  and  rail 


I tic  roa  s i tij;  me  chan  i za  t ion; 
reduction  woi'klnj^  forces 


Increasln^t  mecliani- 
zatlon;  reduction 
work  force 


ilxcesslve  mnr.ua  1 work;  limitlnt; 
lienefits  f I'om  mechanization; 
Inefflciont  minln^^  of  thick  'th.ln 
seams 


hack  af  short-haul 
capability  to  use 
capacity  of  minin^; 
machi nos 


Table  5 

COMPARISON  OF  SUBFACK  COAL  MINING  TKCHNO.'jOGY 


USSR  and  Eastein  Europe 

Unitor’  States 

Overhu rden 

Bucket  ivheel  excavators 

DrnKlines/powe  r 
shovels 

Mini  n^; 

Bucket  wheel  excavators/ 
shovels 

Shove Is /loaders 

llaulaKC 

Larne  trucks 

Largo  trucks 

T rends 

Increasinn  equipment  si/e; 
increasiuK  mine  size 

Moderate  equipment 
size;  modular 
operat ions 

Problems 

Successful  application  of 
nlant,  tiinL  capacity 
equl pment 

Improvement  of 
technology  application; 
control  of  environmental 
effects 
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I’it'iirc  3 t;ivcs  ti  ^ross  impression  of  tlic  inter-roj'ionnl  coal  movements 
from  the  main  coni  basins  of  tlie  USSU.  iinrKe  quantities  of  coal  move  lonji 
distances  in  the  USSR,  with  most  of  tiie  movement  tioint;  rail  movements  into 
itic  Central  luropi  nn  ro^^ions.  In  fact,  88  percent  of  the  coal  moved  tiy 
rail  in  1970  and  these  coal  sliipmonts  constituted  22  percent  of  the  total 
rail  freii;lit  in  ttie  USSR. 

Coal  iirodiiction,  consumption,  and  exports  in  the  USSR  are  summarized 
in  Uinure  1.  Tlie  difference  between  raw  production  and  not  internal 
consumption  curves  is  ropresentcfl  by  losses  in  tlie  ens"  of  thrown  coal  and 
t)y  exports  and  losses  in  the  case  of  liard  coal.  The  production  and 
consumption  of  hard  coals  is  expected  to  remain  relatively  constant  in 
coming  years,  while  consumption  of  lirown  coal  is  expected  to  increase 
significantly.  The  use  of  hard  coals  is  expected  to  shift  primarily  to 
coking,  while  tlie  increased  use  of  brown  coal  will  be  for  electric  power 
generation . 

Figure  3 shows  the  utilization  of  other  solid  fuels  in  the  USSR. 

Peat  and  oil  shale,  most  of  which  become  boiler  fuel  for  electric  power 
j stations  where  they  are  locally  plentiful,  arc  expected  to  level  off  in 

* the  coming  years  at  about  one  order  of  magnitude  lower  than  cither  brown 

or  hard  coal.  The  use  « f fuel  wood  is  expected  to  decline  and  be  used 
mainly  for  domestic  purposes. 

Figure  b shows  an  overview  of  end  use  for  all  solid  fuels  in  the  USSR. 
The  |)rimary  use  of  solid  fuels  (mainly  coal)  is  for  industry  and  electric 
I power  generation  where  its  utilization  is  projected  to  continue  to  increase 

I out  to  1990.  Commercial,  residential,  agricultural,  and  transportation 

uses  of  solid  fuels  arc  about  onc-tentli  that  of  electrical  generation, 
and  tliesc  are  expected  to  decrease  rapidly  as  they  are  replaced  by  oil 
and  gas. 
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Figure  3 

INTER -REGIONAL  COAL  MOVEMENTS 


COAL-million  metric  tons 


% 


Figure  4 

USSR  COAL  PRODUCTION,  CONSUMPTION.  AND  EXPORT 
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UTILIZATION  - million  metric  tons  of  cool  equivalent 


YEAR 
Figure  5 

USSR  UTILIZATION  OF  OTHER  SOLID  FUELS 
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UTILIZATION  - million  metric  tons  of  cool  equivalent 


1 


I960  1970  I960  1990 


YEAR 

Figure  6 

USSR  UTILIZATION  OF  ALL  SOLID  FUELS 
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Solid  fuel  consumption  in  the*  otlicr  Eastern  European  countries  la 
shown  in  Fi^;ure  7,  wlierc  it  is  seen  that  modest  n^'owth  is  expected  In 
Poland,  Czechoslovakia , BulKuria,  and  liomania,  and  little  oi-  no  growtli  of 
solid  fuel  use  Is  expected  in  East  Germany  and  Hungary,  wh«jre  oil  and 
gas  are  projected  t(J  t)econi'>  increasingly  important. 

In  summary,  tlie  use  of  solid  fuels  Is  expected  to  liave  a continuing 
modest  growth,  primarily  for  electric  power  generation.  Hard  coal  will 
prol)atjly  i)o  restricted  primarily  to  coking,  and  for  other  purposes  will  be 
replaced  liv  browi  coal,  oil,  and  gas.  Surface  mining  is  expected  to 
provide  an  increasing  share  of  solid  fuels  as  new  large  mines  in 
Soutliwestern  Siberia  and  Central  Asia  are  developed,  Altliougli  oil  shale 
and  peat  will  continue  to  bo  used  locally,  they  will  provide  a rapidly 
declining  aharo  of  the  energy  balance. 
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Figure  7 

SOLID  FUEL  CONSUMPTION  IN  EASTERN  EUROPE 
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IV  PKTU01,KUM  l)i:VKlX)Pra:NT 


Kxccpt  for  pc'i-iods  of  wnr  and  civil  strife,  the  USSR  has  been  a major 
producer  and  not  exporter  of  oil  and  oil  products  since  1873.  However, 
tlie  dramatic  increase  in  production  and  consumption  (siiown  in  Fit;uro  8) 
has  taken  place  since  the  decision  in  tiie  early  1950s  to  sliift  from  a coal 
to  an  oil  and  j;as  economy.  Oil  production  reaciied  the  U.S.  level  in  1971 
and  is  likely  to  surpass  it  by  1975.  Kxports  of  crude  oil  and  products 
account  for  aliout  one-<iunrter  of  oil  production,  and  may  be  expected  to 
continue  in  tlie  future.  The  siiaded  portions  of  Fluure  8 indicate  losses 
in  crude  transport  and  refininK. 


Continued  ^;I•owtil  of  tlie  oil  industry  is  iieavily  dependent  upon  tlie 
development  of  new  fields,  and  especially  those  in  Siberia,  The  major 
firowtli  areas  are  siiown  in  the  following  tibulation: 

HKGIONAI,  DIS'nUHUTION  OF  CRUDE  O.L  PRODUCTION  IN  THE  USSR* 
(Million  Metric  Tons) 

1975 


Rei;ion 

1970 

(Plan) 

European  part  (Includini;  Urals) 

285.2 

314.5 

Crenbui'i;  Rei;ion 

7.4 

14.0 

Perm  Reijion 

16.1 

21.5 

Komi  ASSR 

5.6 

10.0 

Asiatic  I'nrt  (cast  of  Urals) 

63.6 

181.5 

Western  Siberia 

31.4 

125 

Turkmen  SSR 

14.4 

22 

Kazakh  SSR 

13.1 

30 

Total 

348.8 

496.0 

* 

Not  includint;  gas  condensate. 
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About  four- f 1 f t iis  of  Hie  ;ul(b‘(I  production  dui'int;  Iho  curnMit  fivt— 
v(';’ r plnn  is  oxprc  I od  to  occur  cnsl  of  tbc'  I'riils,  ospcrlully  in  W(>s1(M'u 
Sil)iM'i;i.  Soiic  doubts  liavc'  tx’cn  cxpr«‘SS(Ml  aijout  tt>o  So,  tot  id)ility  to 
cxiiioil  t iu>  V.'oslorn  Sllici'ian  dt*i)oslls  in  a timely  fasblon.  Altiiuuj;ii  Soviet 
tocllnolo^^y  ni.'iv  not  lx?  as  sophisticated  as  that  of  the  United  States,  f)vcr 
:i0  million  tons  of  crude  oilwwerc-  produced  in  Western  Siberia  in  1970,  .just 
ten  years  after  oil  was  dlscov’ered  at  Sliaim  T>3  million  tons  were  produced 
in  1072,  when  Samotlor  alone  over  ful  1 f i 1 1 ed  the  plan  ijy  S Mt . A problem 
that  resulted  from  this  shift  of  oil  product lot  to  the  east  is  the  extra 
burden  plact'd  onthe  transportation  systi'ni.  The  following  tabulation  shows 
the  means  of  crude  atul  product  transport  in  the  I'SSU  from  1950  to  1975. 

^^■:ANS  OF  CUUDK  ANT)  PRODUCTS  TRANSPORT  IN  THE  USSR 
(Million  Metric  Tons) 


1950 

1955 

1960 

1965 

1970 

1975 

Railroad  Total 

13.2 

77.6 

150 

221 

302 

410 

Crude 

11.1 

15.6 

37 

53 

84 

105 

Products 

19.1 

62.0 

113 

168 

218 

305 

Pipoi-inos  Total 

15.3 

51.7 

130 

226 

340 

Crude 

12.6 

'15.3 

115 

205 

315 

Products 

2.7 

6.1 

15 

21 

25 

River  Total 

11.9 

Id.  1 

19 

25 

34 

Ocean  Total 

15. H 

23.0 

3d 

54 

93 

Foreign 

n.  a. 

n.a. 

8 

23 

58 

Internal 

n.  a. 

n.n. 

26 

31 

35 

n.n.  - not  availaljle. 

Although  pipel.nes  have  had  a rapid  growth  over  the  period  shown, 
they  have  not  effectively  met  the  demand  for  either  crude  or  product 
transport;  the  railroads  continue  to  carry  an  increasing  amount  of  crude 
and  the  bulk  of  the  products.  The  following  tabulation  of  the  average 
length  of  oil  pipeline  haul  .shows  that  the  length  of  the  crude  haul  has 
grown  dramatically,  while  the  length  of  product  haul  has  remained 
essentially  constant. 
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AVEIhlGE 

LENGTH 

OF  OIL  PIPELINE 
(KJ lomoters) 

iUUL 

IN  'DIE 

USSR 

1950 

1955 

1960 

1965 

1970 

1971 

Crude  oil 

230 

23d 

350 

629 

826 

939 

Products 

739 

r>  18 

715 

857 

861 

810 

Tills  trend  is  expected  to  continue  as  tlio  centoi  of  crude  production 
moves  away  fi'om  the  markets  and  new  refineries  are  built  nearer  to  the 
consumers.  Tills  will,  of  course,  increase  the  cost  of  delivered  product. 
The  cost  of  pipelining  crude  oil  iron  Western  Siberia  fields  to  Moscow 
would  bo  about  2 rubles  per  ton. 

In  addition  to  a shortage  of  product  pipelines,  the  supply  of  oil 
products  has  been  limited  by  refining  capacity.  As  shown  in  the  following 
tabulation,  the  USSR  lias  consistently  fallen  short  of  its  planned  refinery 
growth,  although  its  current  five-year  projection  seems  more  realistic. 


GROWTH  INDICHS  OF  PRIM\RY  REFINING  CAPACITY  IN 
THE  USSR,  PLANNED  AND  ACTUAL 
(Growth  Over  Planning  Period) 


Planning  Period 

Planned  Growth 
Index 

Actual  Growth 
Index 

1959-1965 

2.0  Plus 

1.9 

1966-1970 

1.7 

1.11 

1971-1975 

1.1 

1.3* 

* 

SRI  projection. 

The  apparent  refinery  runs  in  tlie  USSR  are  soon  in  Figure  9 to  be 
slanted  heavily  to  fuel  oil,  witli  a substantial  increase  in  diesel  fuel 
production  to  match  the  mechanization  of  agriculture  in  the  late  1950s. 
This  breakdown  is  similar  to  that  of  Western  Europe  and  is  expected  to 
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APPARENT  REFINERY  RUNS  IN  THE  USSR 


remain  so,  with  em))hnsis  on  fuel  oil.  The  quality  of  those  products  is 
dependent  upon  the  relatively  high  sulfur  content  of  Soviet  crudes,  which 
is  shown  in  the  following  tabulation. 


SULFUR  C0XTI;NT  of  CrdTDKS  Ul-aaVERED  TO  SOVIET  REFINERIES 

(Percent  of  Total) 


Less  than 
0.5  WTF 

0.5  WT%  to 
2,0  \‘lT7o 

Over  2 WT% 

19G5 

tv 

oc 

6d.6 

9.6 

196(3 

25.1 

61.d 

10.2 

1967 

21.3 

61.9 

10.8 

The  (luality  of  Soviet  oil  products  also  suffers  from  a lack  of 
sophisticatec  secondary  processing  capability  at  Soviet  refineries  relative 
to  the  United  States,  as  shown  below. 


SirONDARY  PROCESSING  USSR  RIJFINERIES 
(Percent  of  Primary  Distillation) 


Thermal  cracking 
Catalytic  cracking 
Catalytic  reforming 
Hydrotreating 
Hydrocj'acklng 

n.a.  - not  available. 


USSR 

1955 

1960 

1965 

18. 1 

36.4 

26.7 

0.9 

n.a. 

5.2 

- 

- 

4 . 1 

— 

— 

3.0 

1970 

u.s. 

Plan 

Actual 

1970 

18.5 

10.3 

6.5 

5.7 

39.7 

10.9 

6.1 

23.1 

4.5 

4.1 

31.4 

0.9 

- 

6.2 

This  shortage  of  secondary  processing  capability  is  especially 
important  to  tlie  petrocliemical  industry,  wlilch  is  faced  with  importing 
feedstocks.  Continuing  improvements  in  secondary  processing  should 
alleviate  this  difficulty. 
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The  Enstern  European  countries  can  ho  soon  from  the  following 
tabulation  to  bo  iucroasingly  dependent  upon  imports  of  crude  oil  from 
the  USSR. 


OIL  PliOnUCTION  AND  IMPORTS,  IN  EASTERN  EUROPE 
(Million  Metric  Tons) 


1960 

1965 

1970 

PixKluction 

USSR 

117.9 

242.9 

352.6 

Eastern  Bloc 

13.3 

15.2 

16.6 

Eastern  Bloc  Imports 

Crude 

6.4 

16.9 

34.1 

Products 

4.0 

5.6 

7.5 

Total 

10.4 

22.5 

41.6 

Petroleum  products  account  for  a decreasing  share  of  the  imports  as  the 
Eastern  European  countries  increase  their  refining  capacity. 

In  summary,  oil  production  in  the  USSR  has  started  to  shift  toward 
Western  Siberia,  increasing  the  cost  of  oil  products  to  the  consumers. 
Still,  important  production  from  European  USSR  fields  is  projected. 
Increasing  domestic  consumption  of  oil  products  will  strain  refinery 
capacity  and  construction  scliodules.  Refinery  product  slates  will  change 
only  slowly,  continuing  to  stress  fuel  oil  production  to  gain  the  economy 
of  scale;  the  capacity  of  individual  refineries  will  increase  to  about 
240,000  barrels  per  day.  There  will  be  an  increasing  need  for  secondary 
processing  to  handle  new  high  sulfur  crudes  and  to  moot  the  needs  of  the 
petrochemical  industry  and  tho  new  demands  of  tiio  transportation  sector. 
New  refineries  will  tend  to  bo  located  near  centers  of  consumption.  Tho 
Eastoin  Evrepoan  countries  will  continue  to  be  dependent  upon  tho  USSR 
for  crude  oil,  but  will  approach  self-sufficiency  in  refined  products. 
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V \A'IVI!AL  GAS  DKVEIOPMETn' 


In  contrast  with  tlie  petroleum  industry,  the  natural  gas  industry 
in  the  USSR  is  a relatively  recent  devolopmont,  becoming  significant  loss 
than  20  years  ago.  Before  1955  most  natural  gas  w®a  associated  gas  that 
was  a byproduct  of  tho  petroleum  Industry.  The  gas  industry  has 
consistently  fallen  short  of  Soviet  plans  (as  soon  in  Figure  10)  and  not 
kept  pace  with  demands.  This  shortfall  is  duo  mainly  to  lack  of  gas 
processing  plants  and  to  delays  in  tho  pipeline  construction  industry. 
This  is  recognized  i)y  the  Soviet  leaders  who  have  scheduled  tho  laying  of 
33,000  kilometers  of  large  diameter  (10-inch  to  56-inch)  main  gas 

” t 

pipoline  in  the  ninth  five-year  plan. 

As  with  coal  and  oil,  the  production  of  natural  gas  projected  to 
shift  toward  tho  east,  although  the  Kuropoan  fields  will  continue  to  bo 
important.  The  following  tabulation,  which  shows  the  main  growth  areas, 
indicates  that  80  percent  of  the  increased  gas  production  from  1970  to 
1975  is  expected  to  t)ccur  oast  of  the  U:als. 

REGIONAL  DISTRIBUTION  OF  NAT 
PRODUCTION  IN  THE  USSR 
(Billion  Cubic  Motors) 

I 

European  part  (including  Urals) 

Orenburg  Region 
Komi  ASSR 

Asiatic  part  (cast  of  Urals) 

Western  Siberia 
'I'urkmon  SSSR 


URAL  GAS 


1970 

139 

1.3 
6.9 

59 

9.3 
13.1 


1975 

(Plan) 

164.1 

26 

16,1 

155.9 

44 

65.1 
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1975  (PLAN) 


Figurt  10 

USSR  NATURAL  GAS  PRODUCTION 


Since  the  Incrensed  production  in  tne  four  areas  shown  exceeds  the  total 
increase  in  production  during  the  period,  other  fields  must  have  a 
decreasing  production. 

This  will,  of  „ourse,  greatly  increase  the  average  distance  transported 
beyond  that  showni  in  the  following  tabulation.  For  example,  the  transport 
of  gas  from  I'rengol,  3,000  kilometers,  through  the  Northern  Lights 
Pipeline  to  Leningrad  would  cost  about  9 rubles  per  1,000  cubic  meters. 

NATURAL  GAS  TRANSPORT  IN  THE  USSR 


1950 

1955 

1960 

1965 

1968 

1970 

Gas  production  (billion  cubic  motors) 

5.8 

9.0 

45.3 

127.7 

169.1 

19'- 

Gas  pipelined  (billion  cubic  meters) 

1.5 

3.5 

32.8 

112.1 

145.7 

181.5 

Average  distance  of  transport 
(kilometers) 

607 

680 

900 

Tlie  substantial  difference  between  gas  produced  and  gas  pipelined 
represents  losses  and  usage  in  the  field. 

In  addition  to  the  losses  of  natural  gas,  there  is  a substantial  loss 
of  associated  gas  in  the  oil  fields,  as  shown  in  Table  6.  The  degree  of 
gas  utilization  has  dropped  from  70  percent  in  1965  to  61  percent  in  1970, 
which  was  6 percent  less  than  the  planned  level  of  utilization  in  that 
year.  This  is  a further  result  of  the  shift  of  production  to  the  east 
and  the  resultant  shortage  of  gas  processing  equipment  and  pipelines. 

(In  comparison,  over  90  percent  of  the  associated  gas  is  used  in  the 
United  States.)  The  large  diameter  pipe  (42,  48,  and  5C  inches)  being 
Introduced  in  the  USSR  is  more  efficient  than  the  relative ly  smaller 
diameter  pipe  in  widespread  use  in  the  United  States,  buc  there  is  a 
shortage  in  this  larger  pipe  that  limits  gas  transport  capabilities. 

In  gas  consumption,  there  is  inadequate  storage  capacity  to  meet 
peak  demands.  As  showie  in  Table  7,  there  was  only  enough  storage  capacity 
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UNDERGROUND  STORAGE  OF  G-\S  IN  THE  USSR 
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to  moot  30  percent  of  peak  demaiuls  in  1965.  This  increased  to  60  percent 
in  1970,  with  plans  to  reach  66  percent  by  1975. 

The  production  of  natural  gas  in  Eastern  Europe  (Table  8)  is  small 
compared  to  USSR  production,  with  only  Romania  being  self-sufficient  in 
this  regard. 

In  summary,  natural  gas  production  is  projected  to  move  toward  the 
east,  as  with  other  fuels.  There  continue  to  bo  shortfalls  in  gas 
production  and  under-utilization  of  associated  gas  because  of  lack  of 
pipeline  and  processing  facilities.  Supply  dislocations  continue  because 
of  shortage  of  storage  facilities.  Increased  exports  of  natural  gas  from 
the  USSR  to  the  other  Eastoi’n  European  countries  will  bo  partly  offset 
by  increasing  Imports  of  gas  to  the  USSR  from  Iran  and  Afghanistan. 
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VI  ELECTRIC  POWER  DEVEI/)Pfl^E^^' 


Since  Lenin  first  recoj;nizod  the  electric  power  industry  as  basic 
to  the  t^rowth  of  the  Soviet  economy,  electric  power  developments  have 
enjoyed  a relatively  privilo^ed  position  and  have  acquired  an  ability  to 
produce  equipment  as  technologically  advanced  as  any  in  the  United  States 
or  Western  Europe.  From  its  earliest  development,  this  equipment  has 
been  installed  in  an  intetjrated  j;rid  in  European  USSR  that  is  being 
oxtondod  both  beyond  the  Urals  and  into  Eastern  Europe. 

The  trends  in  installed  electric  power  capacity  in  the  USSR  are 
shown  in  Figure  11.  Although  most  of  the  installed  capacity  is  derived 
from  thermal  power  plants,  hydroelectric  power  contributes  over  20  percent 
of  the  total,  and  nuclear  power  is  expected  to  do  so  by  1990.  Many  of 
those  nuclear  stations  ni’e  located  whore  hydro  power  is  unavailable  and 
whoi-e  it  is  uneconomical  to  transport  fossil  fuel. 

The  following  tabulation  shows  that  (as  with  other  energy  resources) 
the  greatest  opportunity  for  expanding  h3rdroolectric  power  lies  oast  of 
the  Urals,  whore  the  hydroelectric  potential  is  undor-utilizod . 


HYDROELECTRIC  POWER  UTILIZATION  IN  THE  USSR 
BY  REGION  IN  1970 


European  Region 

Asiatic  Region 
Wostorn  Siberia 
Eastern  Siberia 

Total  USSR 


Production  of 
Hydro -power 
(Million  kwh) 

Percent  of  Economic 
Potential 

6«,839 

34 . 3% 

63,281 

7.1 

1,760 

3.2 

49,356 

14.1 

132,120 

12.1 
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installed  capacity -thou«ond  milliwoHt 


Most  of  the  hydroelectric  development  will  occur  in  Western  Siberia,  where 
the  existing  economic  potential  is  currently  only  about  2.3  percent 
utilized.  Although  some  pumped  storage  plants  are  being  built,  they  are 
not  expected  to  bo  u significant  source  of  oloctrlc  energy  In  the  USSR, 
Other  Knstern  European  countries  <lo  not  have  significant  unused  hydro- 
electric potential,  and  major  projects  are  being  built  only  in  Romania  and 
Uulgaria . 

In  contrast  with  the  United  States,  a large  portion  of  the  thermal 
power  plants  in  the  USSR  supply  heat  in  the  form  of  steam  and  hot  water 
as  well  as  electricity.  The  following  tabulation  shows  the  installed 
capacity  by  typo  of  station.  The  condensing  turbine  stations  provide 
only  electricity  while  the  heat  and  power  turbine  provide  both  electricity 
and  district  heat. 


INSTALLED  CAPACITY  OF  ELECTRIC  POWER 
THERMAL  STATIONS  IN  THE  USSR, 

DY  TYPE  OF  STATION 
(Thousand  MW) 


Steam 

Turbines 

♦ 

Others 

Condensing 

Heat  and  Power 

1958 

20.9 

13.0 

8.7 

1965 

'18.2 

32 . V 

11.0 

1970 

76.2 

47.0 

10.2 

1975 

99.5 

65.0 

12.5-14.5 

Gas  Turbines  and  Internal  Combustion  Engines. 

The  gas  turbines  and  internal  combustion  onglAos  are  used  primarily  for 
peak-demand  operation. 
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Tlioro  have  boon  dramatic  increases  in  the  sizes  of  individual  turbines 
and  station  sizes  since  World  War  II,  and  further  Increases  in  unit  sizes 
aio  planned  for  tlu  future,  as  sliown  in  Table  9,  Ei^ht  hundred  MW  power 
turbines  wort  installed  in  stations  having  2,000  MW  total  capacity  la 
1970.  At  present,  1,200  MW  single  shaft  turblnos  are  being  built  for 
Introductlo  i in  3,000  MW  stations  by  1975. 

In  conjunction  with  the  technological  changes  in  thermal  power 
generation,  a basic  change  in  the  type  of  fuel  used  in  power  stations  also 
occurred  in  lecent  years.  Table  10  shows  that  coal's  share  of  the  fuel 
balance  has  dropped  from  71  percont  in  1960  to  46  percent  in  1970  and  is 
expected  to  drop  another  3.5  percont  by  1975.  In  the  meantime,  the  share 
of  gas  and  oil  is  expected  io  increase  from  about  20  percent  to  about 
52  percont.  It  can  bo  observed  that  thermal  stations  consume  over  one- 
third  of  the  fuel  used  in  the  USSR  and  are  still  growing. 

The  efficiency  in  fuel  consumption  of  thermal  power  stations  is 
improving  dramatically,  as  a result  of  the  increasing  size  of  thermal 
power  stations  wliich  load  to  economies  of  scale;  the  change  of  fuel  typo; 
and  the  phasing  out  of  older,  loss  efficient  generating  capacity.  This 
increase  in  efficiency  is  shown  by  the  following  comparison  of  decreasing 
heat  rates: 


NET  lDv\T  RATES  OF  THERMAL  POWER  STATIONS  IN 
THE  USSR 
(Btu/kWh) 


USSR 

(Not)  ntu/kWh 

United  States 
(Not)  Btu/kWh 

1960 

14,157 

10,701 

1965 

12,09o 

10,384 

1970 

10,459 

10,508 

1975  (Plan) 

9,444 
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Tnblo  10 

STHUCTimi;  OF  IX'EL  COMSUMPTION  IN  USSR 

Tift;RM/\L  p:li;ctkic  power  stations 


(Percent  of  Total 

Fuel  on  Coal 

Equivalent 

F\iol 

Oasis) 

1960 

1965 

1970 

1975 

(Plan) 

Gas 

12.3% 

25.6 

26 

26 . 8% 

Liquid  Fuel 

7.5 

12.8 

22.5 

25.1 

Coal 

70.9 

51.6 

46.1 

12.6 

Peat 

7 

4.5 

3.1 

3,5 

Oil  Shale 

1 

1.5 

1.7 

1.6 

Other 

3 .3 

1 

0.6 

0.1 

Percent  of  Total 
Fuel  Consumed 
in  USSR 

29.3 

32.6 

35.6 

36.5 

Within  ten  years,  the  boat  input  per  kilowatt  of  electrical  output  has 

j decreased  by  25  percent  to  equal  that  of  the  United  States,  with  further 

I improvements  projected  for  1975, 

The  rapid  introduction  of  nuclear  power  into  the  USSR  and  Eastern 
Europe  is  shown  in  Tnblo  11.  Tho  USSR,  East  Germany,  and  Czechoslovakia 
are  the  clear  leaders  in  this  program.  Poland  and  Romania  havo  less 
requirement  for  nuclear  power  because  of  thoir  apparent  self-sufficiency 
I In  coal,  and  oil  and  gas,  rospectively, 

I Table  12  shows  that  tho  standardized  440  MW  pressurized  water  reactor 

i will  take  tho  load,  followed  by  tho  light  water  coolod,  graphite  moderated 

. I'oactor,  Tlic  fast  brooder  reactor  is  not  expected  to  be  significant  until 

; St.  after  1980. 


Table  11 


NUCLEAR  POWER  PROJirTIONS  FOR  EASTERN  EUROPE 
INSTALLED  CAPACITY 
(Thousand  MW) 


1970 

1975 

1980 

1985 

1995 

USSR 

l.'l 

7.1 

21.1 

53 

118 

Bulgaria 

— 

.14 

.88 

1.76 

3.5 

Czechoslovakia 

— 

— 

1.76 

3.6 

6.0 

GUR 

0.07 

0.51 

2.0 

4.0 

7.0 

Hungary 

— 

— 

0.44 

0.88 

1.76 

Poland 

— 

— 

— 

0.44 

0.88 

Romania 

— 

— 

— 

0.44 

0.88 

Table  12 

INSTALLED  CAPACITY  OF  USSR  NUCLEAR  POWER 

BY  TYPE 
(Thousand  MW) 

REACTORS 

1566 

1970 

1973 

1975 

1980 

BWR 

0.05 

0.05 

0.05 

0.05 

0.05 

lAVR 

0.21 

0.58 

1.46 

4.22 

10 . 22 

LWGR 

0.69 

0.89 

0.89 

1.89 

8.87 

niR 

— 

0.01 

0.36 

0.96'" 

1.96 

Total 

0.95 

1.53 

2.76 

7.12 

21.1 

UWR  - Boiling  Water  Reactor, 

PWR  - Pressurized  Water  Reactor. 

LWGR  - Light  Water  Cooled,  Graphite  Moderated  Reactor. 
FBR  - Fast  Breeder  Reactor, 
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In  summary,  oloctric  powur  noneration  is  expected  to  continue  its 
rapid  growth,  with  thermal  power  stations  loading  tho  way  and  nuclear 
power  becoming  significant  after  1985;  the  expansion  in  liastorn  Europe 
will  be  based  on  standard  Soviet  'llO  MW  reactors.  No  significant 
liydro  poTOr  programs  aro  expected  except  possibly  in  Siberia,  with 
transmission  of  power  to  tho  Urals  and  continued  integration  of  tho  USSR 
and  Eastern  Eurepoan  power  grids.  Spot  shortages  of  power  bocauso  of 
inadequate  reserve  capacity  will  continue.  Tho  USSR  will  continue  to 
develop  largo  supercritical  single  shaft  turbines,  each  having  capacities 
on  tho  order  of  1,000  NM.  Expansion  of  tho  UM  of  strip  mined,  low-grade 
coal  can  bo  oxpoctod  for  thomal  power  stations. 
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VII  Sl'PPI-Y -DEMAND  IIAIANCE 


In  order  to  project  the  ciemnnd  for  basic  energy  in  the  USSR  and  the 
six  Eastern  European  countries,  the  economic  framework  shown  in  Table  IS 
was  developed  from  United  Nations  statistical  abstracts  and  from 
statistical  handbooks  of  the  individual  countries.  It  is  seen  that  the 
total  population,  GNP,  an<I  energy  consumption  of  the  six  Eastern  European 
countries  are  only  about  40  percent  of  the  USSR  levels. 


Table  13 

ECONOMIC  EIMMIIWORK  FOR  USSR  AND  EASTERN  EL110PE 


USSR 

Eastern  Europe 

1970  Population  (million) 

242.8 

103.1 

Growth  rate  1960-1970 

1.3% 

0.6% 

1970-1980 

1.1 

0.8 

1980-1990 

1.1 

0.7 

1970  GNP  (billion  U.S, 

dollars ) 

314.2* 

137.0 

Growth  rate  1960-1970 

6.7% 

5.6% 

1970-1980 

6.6 

5.9 

1980-1990 

5.5 

5.1 

1970  Primary  energy  (million 

tons  of  coal  equivalent) 

994.1 

403.2 

Growth  rate  1960-1970 

5.7% 

4.5% 

1970-1980 

5.5 

4.5 

1980-1990 

5.0 

3.9 

* 

The  absolute  value  of  Soviet  GNP  is  subject  to  defini- 
tion, but  it  does  not  affect  results  of  this  study  because 
it  was  used  only  as  an  index. 
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The  Knstoi’n  Fiiropean  countries  n re  expected  to  fjrow  in  populations, 

GNP,  and  onerKy  consumption  at  a slightly  slower  rate  than  the  USSR. 

Fluure  12  shows  the  estimated  demand  for  orimary  onorsy  In  the  USSR 
during  the  19G0  to  1990  period.  It  Is  seen  that  the  total  demand  for 
primary  ener(,;y  will  nearly  triple  between  1970  and  1990,  Since  the 
demand  for  solid  fuels  is  projected  to  increase  only  about  dO  percent  durlnj; 
this  ix'riod,  other  sources  must  nearly  quadi-uple  to  f 1 a the  fjnp.  The 
chaiiKlnR  energy  balance  is  shown  in  Table  Id,  Whereas  solid  fuels  supplied 
d2  percent  and  oil  ani  gas  a little  o\-er  50  percent  of  the  energy  in  1970, 
solid  fuel's  share  will  drop  to  about  21  percent  and  oil  and  gas  will 
increase  to  two-thirds  by  1990,  with  nuclear  power  approaching  10  percent 
and  hydropower  remaining  constant  at  Just  over  d percent. 

The  statistics  shown  on  Figure  12  and  Table  Id  were  derived  by 
projecting  the  growth  of  the  various  sectors  of  the  economy,  and  the 
amount  of  energy  requli-ed  for  each  end  use.  The  breakdown  of  total 
primary  energy  by  end  use  is  given  in  Table  15,  where  it  is  seen  that  the 
(omblned  demand  for  industry  and  electric  power  is  a fairly  constant  77 
percent  of  tire  total  from  1970  through  1990,  even  though  industry  and 
electric  power  rever.se  positions.  The  shares  of  the  residential,  commercial, 
and  transportation  sectors  are  projected  to  increase  slightly  through  the 
ptM-lod,  while  the  share  of  agriculture  and  "other"  decline  sl'.ghtly. 

In  addition  to  the  demand  fer  primary  energy,  the  flow  of  secondary 
energy  among  the  various  economic  sectors  is  Important,  Typical  flows  of 
secondai-y  energy  (electricity,  steam,  coke,  manufactured  gas)  between 
the  Industrial  and  electric  power  sectors  are  shown  in  Figures  13  and  Id. 
hven  with  the  waste  heat  of  much  of  the  electric  power  industry  being  used 
as  district  heat,  the  total  efficiency  of  the  industry  is  only  about 
35  percent. 
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Figure  12 

USSR  DEMAND  FOR  PRIMARY  ENERGY 


Table  14 


rSSH  DKMAND  FOR  PRIM/\RY  ENKRGY 
UY  SOURCE  OK  ENERGY 


1900 

1970 

1980 

1990 

Natural  ^'as 

9.2% 

21.9% 

27 . 9% 

29.2% 

Oil 

29 . 5 

91.1 

95,9 

96.2 

Solid  fuels 

09 , 1 

■12.9 

90.0 

21,5 

Hyd  ro 

•1.2 

■1.6 

■1.9 

4.9 

Nuclea  r 

0.1 

1.9 

8.8 

100.0% 

100.0% 

100.0% 

100.0% 

Table  15 

1)KM/\M)  FOR  PRIMARY  ENERGY 
!!Y  END  USE  IN  THE  USSR 
(Million  Tons  Coal  Equivalent) 


1970 

1980 

1990 

Residential  and 

79 

134 

241 

commercia 1 

I ndust  ry 

419 

690 

948 

(41.5%) 

(96.9%) 

(34,%%) 

Electric  power 

954 

691 

1174 

(95.6%) 

(40,5%) 

(42.4%) 

Transport  at  ion 

72 

130 

294 

Afiricultuie 

59 

82 

123 

Othe  r 

29 

99 

49 

Tot  a 1 

994 

1706 

2769 
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In  order  to  meet  tiie  petroleum  product  demands  through  1990,  the 
very  suhstnntlnl  buildup  of  refining  capacity  shown  in  Figure  15  will 
be  retjuired.  This  conclusion  is  basfi  on  the  assumption  that  USSii  will 
attempt  not  only  to  ho  sell -suf f Iclent  In  refined  products,  but  also  to 
continue  exporting  about  10  percent  of  its  refined  products,  as  in  the 
ivcent  past.  Iho  following  growth  rates  In  refining  capacity  would  bo 
required  to  meet  tliese  goals: 


19G0-1970  (actual) 

7.5% 

1970-1980 

5.2% 

1980-1990 

4,5% 

These  would  appear  to  be  achievable  in  an  expanding  economy. 

The  growth  in  energy  demand  in  the  other  Eastern  European  countries 
is  expected  to  be  significantly  loss  than  in  the  US.SR.  The  increase  in 
enemy  demand  shown  in  Figure  IG  is  significantly  less  than  the  Increase 
in  demand  in  the  USSR  during  this  period.  Solid  fuels  (primarily  coal) 
are  expected  to  continue  to  provide  a great  share  in  the  energy  economies 
of  these  countries  (except  these  countries  will  not  support  this  expan- 
sion, they  will  proI)al)ly  rely  on  either  increased  coal  imports  from  the 
USSR  or  a groat  ar  shift  to  oil  and  gas  imports  from  the  USSR  or  the  OniC 
countries.  The  expected  shift  in  the  fuel  balance  in  Eastern  Europe  is 
shown  in  Table  IG.  D\  1990  oil  and  gas  will  provide  half  of  the  energy, 
and  nucic'ur  power  should  begin  to  be  significant. 

The  exiK>ctcd  dependence  of  the  Eastern  European  countries  on  omports 
to  meet  their  energy  requirements  is  shown  in  Table  17  and  illustrated 
in  Figures  17  and  18,  Total  production  of  coal  in  the  six  Eastern 
European  countries  should  be  adequate  to  meet  their  total  demand  for 
coal,  althovtgh  there  are  great  differences  between  supply  and  demand  in 
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REFINING  CAPACITY-million  m«tric  tons 


* 


1960  - 70  155  (3.1X10®  bbl/doy,  300  million  bbl /doy  ) 

1970  - 80  199  (4.0X10®  bbl/doy;  400  million  bbl/doy  ) 

1980  - 90  275  (5.5X10®  bbl/doy;  550  million  bbl/doy) 

* Equivolont  to  6.0  X 10®  bbl/doy  of  crydt  oil  Input. 


Figure  15 

USSR  REFINING  CAPACITY  BUILDUP 
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DEMAND  FOR  PRIMARY  ENERGY  IN 
EASTERN  EUROPEAN  COUNTRIES 
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Hard  coal  and  brown  coal. 
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NATURAL  GAS  - billion  cubic  me»«rs 
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Figure  17 

ESTIMATED  PRODUCTION,  IMPORTS,  AND  DEMAND  OF 
NATURAL  GAS  IN  EASTERN  EUROPE 
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CRUDE  OIL- million  metric  font 
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, Figure  18 

ESTIMATED  PRODUCTION,  IMPORTS,  AND  DEMAND  OF 
: CRUDE  OIL  IN  EASTERN  EUROPE 
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I 

the  liullvldunl  coi.ntries.  The  total  supply  of  gns  In  tlie  six  countries 
should  Ixj  only  nlnnit  10  percent  short  of  their  demand  in  1970,  but  they 
will  have  to  import  about  one-thlnl  of  their  natural  gas  ■ rom  the  USSR  Ijy 
19K0,  and  nearly  half  of  It  In  1990.  A much  more  serious  deficit  In  crude 
oil  is  expected  tiiroughout  the  study  perloci,  with  a corresponding  large 
demand  for  impoi-ts.  The  USSR  currently  fills  almost  all  of  this  demand, 
but  has  recently  suggested  that  their  Kastern  European  clients  begin  to 
develop  alteniative  sources  of  supply,  l.e.,  the  OPEC  nations. 

A major  increase  In  refining  capacity  will  Ije  required  in  Eastern 
Europe  and  countries  ns  tliey  move  toward  self-sufficiency  in  refined 
products.  The  Inii  Idup  shown  In  Table  18  should  be  within  tlie  capability 
of  these  nations. 

The  production  and  demand  for  crude  oil  in  the  USSR  and  potential  for 
crude  oil  exports  a le  sliown  In  Table  19.  The  production  figures  shown  are 
based  on  annual  increases  of  G,d  percent  from  1970  to  1975,  5.-1  percent  from 
1975  to  1980,  and  l.G  percent  from  1980  to  1990.  Such  increases  will 
require  a rapid  development  of  oil  reserves,  particularly  In  Siberia. 

i If  those  production  estimates  are  achieved,  the  USSR  should  !)•>  able 

to  meet  the  (iomestlc  ciemand  for  petroleum  products  plus  the  crude  ail 
lequl  re  meats  of  Eastern  I urope  with  a sul)stantlal  balance  lor  export  to 
the  i-est  of  the  world.  To  tlie  extent  that  the  requirements  of  the 
Eastern  European  countries  are  met  tlin)ugh  imports  from  the  OPEC  nations, 
additional  crxide  oil  will  be  availalile  for  export  to  the  rest  of  the  world. 

I Alternatively,  these  potential  expci  t.s  could  be  used  to  relieve  the  expected 

sliort  term  problems  resulting  from  expected  shortfalls  in  natui-al  gas 
production.  As  a swing  luel,  oil  could  provide  u cushion  against  possible 
shortlalls  in  the  production  of  otlier  energy  sources. 
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Tnble  18 


iu-;fining  capacity  nuimcp  in  kastkrn  europi:- 


(Million  Met  ric 

Tons  per 

Year) 

1960-70 

1970-80 

F>ul^;a  ria 

5.9 

8.0 

C zeetios  1 ova  kin 

8.0 

8.0 

CDIi 

8.7 

13.8 

llun^a  ry 

5.7 

6,8 

I’ola  nd 

6.5 

12.0 

Homan  1 a 

‘1.0 

8.0 

Total 

36.8 

56,6 

Tn  jlo  19 

CHIDE  OIL  supply, DEMAND  BALANCE 
(Million  Metrlo  Tons) 


1970 

1975 

1980 

1990 

ISSH 

Production 

353 

480’ 

625 

980 

Demand* 

289 

368 

470 

7P8 

Potential  sur()lus 

6‘1* 

112 

155 

212 

I' astern  lAiropean 

39^ 

61 

88 

161 

rec|  ui  I'ements 

I’otontlnl  export  to 

28^ 

51 

67 

51 

rest  ol  world 


Flv('-vcar  plan  ^;oal — ‘196. 

Includes  losses  and  refinery  charKO  for  product  «‘xports. 

Difference  between  production  and  demand;  with  imjKU'ts 
of  2 million  metric  tons  atlded,  surplus  is  66. 

f 

Actual  deliveries. 

♦ ♦ 

Including;  condensate  production. 
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Tlic  expected  refinery  production,  demand  and  potential  exports  of 
petroleum  products  from  the  USSR  are  shown  in  Table  20,  The  share  cf 
petroleum  products  ijroduced  for  export  Is  expected  to  decline  over  the 
eominj;  years  as  other  industrialized  eountries  become  self-sufficient 
in  refinint;  capacity.  Tliis  will  Of^aln  require  a substantial  buildup  of 
refinery  capacity,  as  indicated  earlier. 

The  I'SSR  is  expected  to  face  a short  term  problem  with  natural  nas. 
Tliey  have  renularly  missed  their  production  Roals,  and  are  expected  to 
continue  this  trend  at  least  through  197f),  Even  so,  the  product  on  fiKures 
shown  on  Talile  21  reciuire  annual  production  inceases  of  6.d  percent  from 
1970  to  1975,  9.1  perceiit  from  1975  to  1980,  and  7,2  percent  from  1980  to 
1990.  Table  21  shows  a potential  production  shortfall  of  about  04 
billion  cubic  meters  in  1975  (including  contractual  commitments  to  Europe) 
and  56  billion  cubic  meters  in  1980.  These  figures  are  about  equivalent 
to  50  millirn  barrels  of  crude  oil  or  residual  fuel  oil.  This  deficit 
will  prolwbly  i)e  met  by  a comi)ination  of  reduced  demands;  imports  of 
gas  from  Iron  and  Afghanistan;  shifts  to  petroleum;  and  perhaps  reneging 
on  contract  commitments.  Expansion  of  the  pipeline  system  should  alleviate 
this  problem  by  1990. 

Except  for  times  of  war  and  civil  strife,  the  U.SSR  has  betu'.  a 
significant  exporter  of  i)etroleum  and  products  for  100  years,  Tlie 
exponential  buildup  of  these  exports  since  World  War  II  are  shown  in 
Eigure  19,  and  their  recent  stability  is  shown  in  Figure  20,  Since  energy 
exports  provide  an  important  share  of  Soviet  hard  currencies,  they  are 
expected  to  continue  at  a high  level,  with  natural  gas  adding  to  the 
opportunities . 

In  summary,  Ixjth  oil  and  natural  gas  represent  large  foreign  exchange 
earnings  for  the  USSR,  and  the  Soviets  will  attempt  to  meet  their  contract 
commitments.  Although  they  plan  to  supply  a major  share  of  the  oil  and 
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Tahiti  30 


refinery  production  and  product  exports 


(Million 

Metric 

Tone) 

1970 

1975 

1980 

1990 

USSR 

Production 

257 

332 

427 

712 

I<ess;  Own  requirements 

230 

305 

422 

690 

(Includes  losses) 

Potential  surplus 

27* 

27 

5 

22 

(available  tor  export) 


* Imports— 1;  -xporta— 28  million  metric  tone. 


Table  21 

NATURAL  GAS  SUPPLY /DEMAND  BAIANCE 
(Billion  Cubic  Meters) 


1970 

1975 

1980 

1990 

USSR 

Product  Ion 

198 

270* 

400-500 

800-900 

Demand^ 

198 

300 

420 

720 

Potential  surplus 

3.3* 

(30)^ 

5*' 

130** 

Eaatern  Europe 

2.5** 

17 

36 

109 

requirements 

Commitments 

- 

17 

35 

21 

• 

Flv«-y««r  plan  goal 

—320, 

^ Including  losses. 

* Available  for  export  baaed 

on  import a 

fraa  Iran 

and  Afghanistan 

& 

” Deficit. 

a* 

Aaaumed  production 
Asaumed  production 

of  425. 
of  850. 

Actual  deliveries. 

Contract  conualtments  to  Weetern  Europe,  Including  options. 


EXPO 


YEAR 


Figure  19 

USSR  OIL  AND  PRODUCT  EXPORTS 


SHARE  OF  EXPORTS  - p»rc»nt 


Figure  20 

IMPORTANCE  OF  USSR  ENERGY  EXPORTS 


t;as  rcqvil rcment  s of  Kastorn  Kurope,  they  encournne  these  countries  to 
develop  alternative  sources  of  onei’Ky.  The  Eastern  European  countries 
will  strive  for  self-sufficiency  in  petroleum  reflnlnj;  but  are  not 
IJrojectod  to  l)ecome  major  net  petroleum  product  exportej's. 
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Vni  JlKSKliVK-PHODUCTlON  OTMPAK i .SONS 


Comiia  rl  .6011  of  projoctod  riimulii  ti  vo  production  of  iirlncipal  fuol.s  witli 
Uioir  estimated  la’cova'rali le  rosei'ves  is  re<|uii‘e<l  to  complete  the  suiJjily- 
(lemaiid  analysis  [iresented  in  tiie  prececdiiif^  section.  Pi’ojections  of  fuel 
demand  and  production  ac(iuiic‘  full  sif^ni  f icance  only  in  the  context  of 
tlieir  res<Mve  liasc’  and  tlu'  lelative  ease  liy  which  such  leserves  can  he 
(level  oiied . 

A comiiai  isi.n  of  tu’ i-d  coal  reserves  and  projected  cumulative  produc- 
tion in  the  [leiiod  f lom  1975  to  1990  is  shown  in  Table  22.  Heserves  of 
hard  coal  in  Mul^^aria,  (icnnan  Democratic  Uepublic,  Hunnary,  and  Uoinanin 
are  small,  and  it  appeal's  likely  th.it  these  countries  will  continue  to 
Import  hard  coal.  Czoclioslovak  ia , IViland,  and  tlio  U.SSIt  have  hard  coal 
reserves  in  excess  of  their  domestic  needs,  and  can  probably  supply  the 
requirements  of  the  other  Kastern  kuropean  countries.  It  is  noted,  liow- 
evt,r,  ttiat  only  about  half  of  tiie  PS.SIt  liard  coa'.  reserves  are  in  tlie 
Kuropean  and  southwestern  Siberian  fields  tnat  are  closest  to  consumini; 
regions.  Development  of  more  remote  hard  coal  deposits  of  the  USSR  will 
be  both  costly  and  t ime-consumin>^ . 

The  reservf'-production  re  la  1 1 onsli  ips  for  Ijrown  coal  are  shown  in 
T.able  2,'i.  Alttiouj^h  there  are  relatively  small  reserves  of  broWn  coal  in 
RulKaria,  Czechoslovakia,  Hun>;ary,  and  Poland,  those  appear  adequate  to 
satisfy  projected  demands  until  1990.  After  that  time,  however,  unless 
there  are  shifts  in  the  energy  fuel  mix  that  substitute  for  brown  coals, 
it  may  become  necessary  for  some  of  tliese  nations  to  imiiort  brown  coals, 
as  i t appears  necessary  for  Romania  to  do  at  an  earlier  date  because  of 
her  small  reserves.  The  Gennan  Democratic  Republic  and  the  US.SR  each  have 
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CO.VPARISON  OF  RESEinTS  ANT»  niODLCTION  DATA— HARD  COAL 
(Billions  of  Metric  Tons) 
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Projected  production  requirements  roughly  equivalent  to  known  reserves. 


ami)lc  l)io\vn  coal  ros(>rvcs  to  sunp(»i-t  their  own  neciis 
hn.storn  Kuroin'iin  nations.  However,  It  Is  noted  that 
i'SSit  hrown  coal  lescrvc's  are  in  remote  .Sil)erliui  coal 
(l(’veloi)iiient  problems  and  hit^h  transportation  costs. 


and  to  oxj)ort  to  otlasr 
mort)  titan  hair  of 
rields,  present ln« 


For  crude  oil,  the  rese rve-|)roduct ion  relationships  in  the  Kastern 
Furopoan  nations  are  as  shown  in  Table  21,  Kstimated  reserves  of  Czechos- 
lovakia, German  Democratic  Itepuhllc,  and  Doland  arc  less  than  projected 
requirements  to  1990.  and  these  nations  will  be  forced  to  import  most  of 
their  crude  'll  sujtitlles.  Hult;arla  tippeais  to  have  cnout;h  reserves  for 
the  short  term,  if  new  fields  meet  expectations;  if  not,  then  she,  too, 
will  be  forced  t<i  rely  almost  exclusively  on  imported  crude.  Ilun^rary, 
Komania,  and  the  USSIl  have  crude  reserves  significantly  in  excess  of 
their  domestic  requirements,  and  could  provide  the  relatively  .small  amounts 
of  exports  needed  to  sui)ply  other  Kastern  Kuropean  nations.  Again,  it 
must  be  noted  that  most  of  the  U.SSK's  crude  reserves  are  located  in  remote, 
eastern  regions;  only  about  one-third  of  the  total  crude  reserves  are 
estimated  to  occur  in  Kuropean  regions  of  the  USSU.  Projected  cumulative 
crude  production  in  the  USSR  to  1990  would  be  about  equivalent  to  presently 
known  Kuropean  reserves,  and  it  is  conceivable  that  sjxn  shortages  could 
occur  during  this  interval  unless  the  largo  Western  Siberian  doixisits  were 
developed  at  an  early  date. 


The  reserve-production  relationships  for  natural  gas  arc  shown  in 
Table  v.-!.  The  data  suggest  that  Czechoslovakia,  Poland,  and  somewhat 
surprisingly,  Komania  may  exporvonce  deficiencies  in  gas  supplies  from 
their  domestic  sources  by  1990  that  will  require  offsetting  gas  Imports 
to  meet  projected  demand.  Gas  supplies  of  Bulgaria,  Hungary,  and  the  USSR 
appear  adequate  to  moot  projected  requirements  to  1990.  The  situation  in 
the  Gorman  Democratic  Republic  is  unclear.  The  1973  Irtornatlonal  Petro- 
leum .ncyclopedla  gives  GOR  gas  reserves  at  15  billion  cubic  meters, 
ecjuivalcnt  to  one  year's  pi’oduction  as  projected  for  1975.  Now  gas 
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DICTION  DATA — CRUDE  OIL 
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reserves  lire 


discoveries  in  the  GDd  have  been  indicated,  hut  the  actual 
uncertain.  If  the  reserves  prove  to  be  less  than  that  estlmnted,  then 
the  t.l)H  will  als.)  ho  in  n position  to  imixirt  natural  supplies.  The 

L'SSK  has  ample  pas  reserves  to  sup|>l  y itij  needs  and  to  export  to  other 
CMKA  countries  However,  only  about  one-fourth  of  I'SSH  reserves  are 
in  the  Kuroiiean  part  of  the  country,  and  these  will  he  insufficient  to 
meet  projected  demands  unless  aufjmented  (and  ultimately  replaced)  by  (;as 
from  Silierian  fields. 

In  summiry,  a comparison  of  fuel  resei-ves  and  cumulative  production 
requirements  for  the  Kastern  Euro(K^an  countries  indicates  that  many  nations 
have  verv  limited  fuel  reserves  and  that  they  will  need  to  Import  much 
(if  not  all)  of  their  supplies  by  1090.  in  this  Rroup  of  nations,  only 
the  US.SK  has  sufficient  fuel  reserves  to  neet  her  own  -equi rements  and 
export  to  her  trading  partners,  .loweve-,  the  principal  fuel  reserves  of 
the  I'SSH  are  locateo  in  regions  remote  from  consuming  centers,  and  this 
toKether  with  problems  in  development  tochnoloKy,  could  constrain  the  pace 
of  such  deve lojjinent , 


IX  CONCLUSIONS 


Thrcnif;hout  must  of  the  last  hiindi-ed  years,  the  I'SSU  lias  not  only 
maintained  energy  sell-siil  ficiency  but  has  been  a ma  jor  exportci'  of  fuels. 
It  appeal's  that  the  resouroe  base  and  recoverable  reserves  are  sufficient 
to  continue  exports  into  the  foi-eseeable  futui’o.  If  successful  in  carrying 
out  projected  development  prof^rams  lor  veiy  larije  fuel  resources  in 
Siberia,  the  L'SSH  not  only  should  remain  self-sufficient  but  also  should 
be  able  to  meet  its  commitments  to  Kastern  Lurojxjan  clients  and  to 
contribute  even  more  sijjnificant  ener(;y  exports  to  tl.e  rest  of  the  ..orld. 
.Nevertheless,  So^  let  exports  of  fuels  will  not  be  sufficient  to  disrupt 
the  overall  world  energy  market.  AlthouKb  the  IJSSH  and  Kastern  Kiiropean 
countries  will  continue  to  import  relatively  small  amounts  of  oil  and 
ttas  from  the  OPKC  countries,  they  are  not  expected  to  become  major 
competitors  with  the  rest  of  the  world  for  lar^e  quantities  of  Middle 
Kastern  oil  and  ('as. 

The  successful  exploitation  of  Siberian  enerijy  resources  in  fceneral, 
and  natural  ffus  deposits  in  particular,  is  by  no  means  assured.  Althou^jh 
miu'h  ol  the  rociuired  tecbnoloj^y  and  the  development  proprams  for  these 
lesouices  exist,  and  altboupb  recent  t>il  production  has  been  impressive, 
t.ierc  are  sipnificant  lopistlc  diificultles  in  exploitinp  the  Siberian 
i-esourccs.  As  a wsult,  oil,  and  particularly  natural  pas,  production 
may  be  less  than  planned  levels. 

In  the  event  that  the  Soviets  are  unable  to  develop  Siberian  resources 
on  the  required  time  scale,  they  would  appear  to  have  the  followinp  five 
options : 
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Option 


Apparent  Consequenc e s 


1.  Substitute  other  fuels 

2.  Limit  exports  to  Kastern  Kuro|)C 

2.  Limit  Internal  consvimptlon 

4.  Kxpaml  Imports  from  Oll-ir 

5.  iiciiuce  exports  to  rest  of 
world 


Alter  planned  consumption 
patterns 

Force  reliance  on  non-lISSH 
suppl les 

Limit  non-essential  activities 

Compete  with  Western  world  for 
supplies,  lose  self-sufficiency 

Uellnquisli  important  source  of 
hard  currency. 


The  USSU  could  i)e  expected  to  approach  these  alternatives  In  approximately 
tile  above  order  of  priority  (least  desirable  options  have  lilj^her  numbers). 
I'liere  is  only  a limited  flexibility  In  substituting  fuels  (e.fj.,  oil  for 
^^ns)  without  cutting  into  forei>;n  trade  commitments,  but  sulistitution  would 
be  a relatively  st  ra  i p;lit  forwa  rd  approacli.  Since  our  near  term  projections 
of  natural  pas  production  fall  short  of  the  potential  demand,  a combination 
of  substitution  of  oil  for  pas,  limitation  of  gas  consumption,  and 
increased  im[)orts  of  gas  from  Iran  and  Afgiianistan  should  be  expected. 


There  arc  already  indications  of  limitation  of  commitments  to  Eastern 
Europe  ns  the  I'SSU  encourages  thase  countries  to  develop  other  sources  of 
supply.  As  a result,  tiiese  countries  will,  to  'ome  extent,  compote  for 
.supplies.  Fortunately,  liowever,  their  requirements  arc  small.  Limitation 
ol'  internal  consumption  is  relatively  easier  in  the  Soviet  C' onomy  than 
in  the  U.S.  economy,  liut  may  be  expected  to  have  an  adverse  effect  on  any 
economy.  Greatly  expanded  ln,))orts  of  crude  oil  from  the  OPEC  to  tiie  USSU 
seem  unlikely,  ns  noted  above.  However,  expanded  impoits  of  natural  gas 
would  appear  advantageous  to  l)oth  th.e  USSR  and  I ran/Afghnnistan.  Natural 
gas  Imports  liy  tlie  USSR  from  these  cointries  sliould  not  have  a significant 
impact  on  potential  suiiplies  to  the  United  States  or  other  Western  nations 
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Another  alternative  sceiiai'io  could  result  in  expanded  Soviet  trade 
in  oil  and  t;as  with  the  West.  This  expanded  trade  could  result  from  a 
deliberate  attempt  by  the  West  to  prevent  Soviet  projjmms  from 
experiencint;:  an  Impending  shortfall  that  could  force  them  to  become 
competitive  with  the  West  for  Onx  oil  or  that  would  prevent  them  from 
meetint;:  natural  t;as  comir.l  tinents . Or.  the  expanded  Soviet  trade  could 
result  from  a desire  to  develop  Soviet  resources  ns  another  alternative 
source  of  supply  for  the  West.  Some  combination  of  these  situations  could 
also  brins  about  such  expansion  of  trade.  In  any  case,  the  West  would 
supplv  technolo>;ical  inputs  in  a barter  arrangement  for  Soviet  oil  or 
j;ns.  Typical  items  that  the  West  niij,dit  barter  in  return  for  oil  and 
t;as  mlt^ht  Include; 

• Gas  processing;  plants 

• Pipeline  compressors 

• Pipeline  pipe 

• Secondary  oil  process in>;  equipment 

• Drill  pipe,  bits,  and  accessories 

• Secondary  recovery  material 

• Arctic  and  offshore  drilling  equipment. 

Several  Western  nations  have  ali-eady  been  trading  pipeline  pipe  to  the 
L’SSH  for  future  deliveries.  The  timely  tlevelopment  of  Siberian  oil 

and  ^;as  is  dependent  upon  these  imports.  Thereiore,  a mutual  dependency 
situation  would  result  from  increased  trade,  at  least  initially. 

Kxpanded  trade  of  Western  technolo^;y  for  Soviet  oil  and  ros  would 
have  potential  widespread  consequences  for  the  West.  Ivstabl ishment  of 
trade  relations  in  tl;is  vital  sector  could  further  the  proj;ress  made  in 
relaxin^;  strained  relations  between  the  United  States  and  the  USSU, 
with  resulting  ^;eneral,  as  well  as  mutual,  benefit.  The  development  of 
alternative  scrurces  of  fuel  supplies  should  certainly  be  of  benefit  to 
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the  West,  in  view  of  the  Inrpe  levels  of  projected  fuel  requirements. 

To  the  extent  thnt  the  United  States  can  trade  technoloRy  for  needed 
resources,  a reduction  in  our  projected  balance  of  payments  deficit 
will  be  affected.  On  the  other  hand,  increased  reliance  on  the  USSR 
for  essential  resources  increases  our  vulnerability  to  potential 
coercion  from  that  source.  One  can  only  speculate  about  many  conflict 
scenarios  in  which  the  West  would  develop  the  Soviet  resources,  only  to 
be  cut  off  from  the  expected  oil  and  Ras  supplies  without  compensation. 
However  bizarre  such  scenarios  may  bo,  it  v ould  be  useful  to  analyze 
them  fully  before  becominR  committed  to  a major  course  of  action 

On  balance,  it  would  seem  that  expanded  trade  of  Western  technoloRy 
for  Soviet  oil  and  Ras  would  be  advantaReous  to  the  West,  since  we 
desire  both  detente  and  trade  for  resources,  but  would  be  oven  more 
advantaReous  to  the  Soviets  .sln<o  they  seek  peaceful  conditions.  Western 
resource  development  technoloRy,  and  lonR  ranRe  foreiRn  exchanRe, 
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The  objective  of  this  study  was  to  conduct  an  analysis  o 
resources  and  proRrans  of  the  Soviet  Union  and  Eastern  E 
their  relationship  to  the  rest  of  the  vorld*  A survey  w 
enerjty  development  technology  which  included  exploration 
ment,  production,  distribution,  storage  and  utilization  ^ 
and  new  forms  of  energy.  Also,  an  appraisal  was  made  of 
resource  recovery  and  research  and  development  of  enerev 
technology,  distribution 
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^economic  aspects  of  enerRy  developments  and  use  were  discussed 
as  related  to  patterns  of  consumption,  trade,  and  the  Cross 
National  Product  of  the  Soviet  Union  and  Pastern  Huropean  Coun- 
tries. The  overall  energy  supply  and  demands  of  these  countries 
were  projected  to  the  1980  and  1990  time  frames.  Finally  an 
analysis  was  made  of  the  Soviet  political/military/enerRy  strategy 
policies  relative  to  the  economic  impact  on  Eastern  and  Western 
Europe 
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5 Rffme  Air  Development  Center  v 


RADC  is  ‘■■he  principal  AFSC  organization  charged  with 
planning  and  executing  the  USAF  exploratory  and  advanced 
development  programs  for  electromagnetic  intelligence 
techniques , reliability  and  compatibility  techniques  for 
electronic  systems ^ electromagnetic  transmission  and 
reception,  ground  based  surveillance,  ground 
communications , information  displays  and  information 
processing.  This  Center  provides  technical  or 
management  assistance  in  support  of  studies,  analyses, 
development  planning  activities , acquisition,  test, 
evaluation,  modification,  and  operation  of  aerospace 
systems  and  related  equipment. 
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